It is known from earlier work of Iqbal, Liu [1] that the boundary transport coefficients such as electrical conductivity (at vanishing chemical potential), shear viscosity etc. at low frequency and finite temperature can be expressed in terms of geometrical quantities evaluated at the horizon. In the case of electrical conductivity, at zero chemical potential gauge field fluctuation and metric fluctuation decouples, resulting in a trivial flow from horizon to boundary. In the presence of chemical potential, the story becomes complicated due to the fact that gauge field and metric fluctuation can no longer be decoupled. This results in a nontrivial flow from horizon to boundary. Though horizon conductivity can be expressed in terms of geometrical quantities evaluated at the horizon, there exist no such neat result for electrical conductivity at the boundary. In this paper we propose an expression for boundary conductivity expressed in terms of geometrical quantities evaluated at the horizon and thermodynamic quantities. We also consider the theory at finite cutoff recently constructed in [2] , at radius r c outside the horizon and give an expression for cutoff dependent electrical conductivity (σ(r c )), which interpolates smoothly between horizon conductivity σ H (r c → r h ) and boundary conductivity σ B (r c → ∞). Using the results about the conductivity we gain much insight into the universality of thermal conductivity to viscosity ratio proposed in [3] . 
Introduction
AdS/CFT correspondence provides us a powerful tool to study the gauge theories at strong coupling. In particular, we can gain insight into transport properties of gauge theories by studying their gravity duals. At finite temperature and at large length scales, any interacting QFT is described by hydrodynamics. In the gravity side, finite temperature amounts to having a black hole and long wave length physics of field theory is governed by the near horizon physics of the black hole. This idea was employed in [1] to show that, in the low frequency limit, the linear response of the boundary theory is captured completely by the near horizon physics. In [1] , authors studied transport coefficients which corresponds to the mass less modes in the bulk, resulting in trivial flow from horizon to boundary. This resulted in an equality between the boundary and the horizon transport coefficients. So when there is a nontrivial flow from horizon to boundary (like massive bulk modes), horizon physics will no longer be able to capture the whole low frequency AdS/CFT response. Calculation of electrical conductivity in the presence of non-zero chemical potential is one such example where corresponding mode in the bulk shows a non trivial flow from horizon to boundary. These flow equations are in general complicated second order differential equations (if more than one charge is present they are coupled as well) and apriori there is no reason that electrical conductivity for different theories will show some universal features. The aim of this paper is to investigate whether there exist universal result for the electrical conductivity. It turns out that the conductivities for gauge theories dual to R−charge black hole in 4, 5 and 7 dimension and ReissnerNordstrom black hole in any dimension behaves in a universal manner.
The paper is structured as follows. Section 2 is a review of earlier work [4, 5] . We set it up in way that allows us to generalize some of the earlier results. In section 3, we take up several examples such as R−charge black hole in 4, 5 and 7 dimensions and ReissnerNordstrom black hole in any dimension to demonstrate the relation between horizon and boundary conductivity. In section 4 we concentrate more on Reissner-Nordstrom black hole in arbitrary dimension and study cutoff dependence of electrical conductivity. Results of this section section can be generalized to much more general systems. In section 5, we study imaginary part of electrical conductivity, which is shown to be fixed once the real part of electrical conductivity is known. In section 6, we study thermal conductivity and thermal conductivity to viscosity ratio. In section 7, we compute the electrical conductivity, thermal conductivity and thermal conductivity to viscosity ratio of gauge theories dual to charged and uncharged Lifshitz like black holes. The paper ends with discussion of our results. Appendix A contains some discussion on how to relate boundary CFT conductivity to universal conductivity of streached horizon. Section B contains discussion on thermal conductivity. Section C, D contains discussion on thermal conductivity to viscosity ratio.
General perturbation equation
In this section we write down perturbation equation required for computation of electrical conductivity (for details see [5] ). For that we consider an action of the form where F µν J is the field-strength tensor of the J-th U(1) gauge field and
G IJ . The metric that we take is of the form ds 2 = g tt (r)dt 2 + g rr (r)dr 2 + g xx (r)
where r is the radial coordinate. We have assumed full rotational symmetry in x i directions (so that g ij = g xx δ ij , where i, j indices runs over all indices except r, t). We also assume that metric components depends on radial coordinate only. We shall work with metric 2 which has an event horizon, where g tt has a first order zero and g rr has a first order pole where as other metric components are finite (as well as non vanishing) at the horizon. The boundary of the space time is at r = ∞. The gauge coupling G IJ may be constant or in general can be a function of r, where r dependence might come through scalar field. If we consider G IJ to be diagonal and only A t (r) component to be non zero, we can define charge density to be,
Since our aim is to compute the electrical conductivity using Kubo formula, it is sufficient to consider perturbations in the tensor (metric) and the vector (gauge fields) modes around the black hole solution and keep other fields such as scalars unperturbed. So perturbations are of the form:
where g
µν and A I(0) µ are background metric and gauge fields. In order to determine electrical conductivity it is enough to consider perturbations in (tx 1 ) and (x 1 x 1 ) component of the metric tensor and x 1 component of the gauge fields. Moreover one can choose the perturbations to depend on radial coordinate r, time t and one of the spatial coordinates say x 2 . A convenient ansatz, with the above restrictions in mind, is
(2.6) Here ω and q represent the frequency and the momentum in x 2 direction respectively and we set perturbations in the other components to be equal to zero. Next step is to find linearized equations which follow from the equations of motion. It turns out that at the level of linearized equation and at zero momentum limit metric perturbation Z(r) decouple from the rest. One can further eliminate T (r) reducing it to a equation for perturbations in gauge fields only. After substitution one finds the equations for perturbed gauge fields to be d dr
with
and
Note that M IJ = M JI . Let us note that, using eqn. (2.4), we can write
For evaluating the conductivity in the low frequency limit and for non-extremal backgrounds, we only need to solve equations up to zeroth order in ω. To that order one finds,
Following [5] , we now write down the effective action which reproduces the eqn.(2.11) and extract out the expression for electrical conductivity using Kubo formula.
Effective action and expression for conductivity
The electrical conductivity is usually computed from current-current correlator
12)
The current-current correlator can be computed by taking second derivative of effective action which reproduces the eqn.(2.11) with respect to boundary fields [6] . The expression for electrical conductivity can formally be written as λ = iσ 0 + σ.
• σ(= ℜ(λ)): In order to determine the real part of the conductivity (σ), we follow [5] . Effective action can be written as
Boundary action is given by
(2.14)
where the boundary value of the field φ I (r) is φ 0 I (ω, q). Next, the retarded correlators are given by
The expression for diagonal and off diagonal parts of the conductivity can be written as 16) and
respectively.
In order to find out ℑ F , we need to compute,
Using (2.11), r.h.s of above equation reduces to
20) which is equal to zero since the quantity in the bracket is real. Then (2.18) can as well be calculated at the horizon i.e. at r = r h . This simplifies calculations significantly. Regularity at the horizon implies
Hence (2.18) reduces to
Let us note that, if we take the solutions of the form
where lim
then we get 25) and
• Single charge case: For single charge case, consider φ(r) = ψ(r)φ 0 , then we get
Using eqn.(2.16), we get
where
We can also compute conductivity at any arbitrary radius say at r c . This is given by
• Imaginary part of conductivity σ 0 (= ℑ(λ)): The imaginary part of the conductivity is 
which implies
Defining φ(r) = ψ(r)φ 0 , we find
(2.34) 3 Let us note that, N (r = r h ) = 0, since N (r) = √ −gG(r)g xx g rr and g rr (r = r h ) = 0, and at the boundary if N (r → ∞) ∼ r 1−n then φ(r → ∞) ∼ φ 0 + φ 1 r n .
Gravity theory in
R-charge black hole in 3 + 1 dim.
R-charge black hole in 6 + 1 dim.
Reissner-Nordstrom black hole in 3 + 1 dim. 3 Relating boundary and horizon electrical conductivity:
In this section we consider several examples (all are asymptotically Ads spaces) and show that for each case there exist a universal relation between boundary and horizon conductivity. Rather than providing details of computation, we tabulate the results in Table 3 .1. For details see [5, [7] [8] [9] [10] [11] [12] .
• Single charge: We propose based on the observation in Table 3 .1 that for the gauge theory with single chemical potential the expression for real part of the conductivity is given by
where s, T, P, ǫ are entropy, temperature, pressure and energy density of the boundary fluid respectively. We observe that boundary conductivity can be expressed in terms of geometrical quantities evaluated at the horizon and some combination of other thermodynamic quantities.
• Multiple charge: For multiple charge case (say there are m number of chemical potential present in the gauge theory side), then boundary conductivity is m × m symmetric matrix (see [5] ) where as horizon conductivity is m × m diagonal matrix. One can check by explicit computation that in each case the relation
holds where σ IJ and σ H,II are boundary and horizon conductivity respectively. For the action of the form eqn.(2.1), the expression for horizon conductivity can be written as
Let us note that this expression reduces to eqn.(3.1) in the case when single chemical potential is present.
4 Reissner-Nordstrom black hole in arbitrary dimension:
In this section our main focus will be on the Reissner-Nordstrom black holes in various dimensions. Besides showing the validity of eqn. for more general setup. Action is given by
The expression for the metric and gauge field for Reissner-Nordstrom black hole in arbitrary dimension are
Let us note that boundary is at r = 0 and µ and r + are chemical potential and horizon radius respectively. Various thermodynamic quantities are given by
In order to compute the electrical conductivity we have to solve the eqn.(2.11) for this back ground. The eqn.(2.11) takes the form (in ω → 0 limit)
The solution takes the form
where φ 0 is the boundary value of the perturbed field φ(r). Now according to eqn.(2.28)
Now using the fact that ǫ = (d − 1)P and the thermodynamic quantities in eqn. 
(4.9)
So we have shown explicitly that for Reissner-Nordstrom black hole in any dimension, the expression for conductivity in eqn.(3.1) is valid.
Cutoff dependence of conductivity:
For convenience we take the metric and gauge fields as taken in [2] . The asymptotically AdS black charged p− brane solution are of the form
What we observe is that these are Reissner-Nordstrom black hole in p + 2 dimension with gauge coupling set to one and α =
. Let us consider a cutoff at radius r = r c outside the horizon. One can define thermodynamic quantities there. If the hawking temperature is T H , the local temperature at the cutoff radius can expressed as
The entropy density of the fluid at r c is given by s = 2π κ 2 e −pt(r) , which reduces to s = 2π κ 2
as r c → r h . Other thermodynamic quantities are
where ǫ and P are energy density and pressure of the fluid at r c . Let us note that for r c → r h ǫ + P = sT c . (4.14)
The chemical potential at r c is 15) which vanishes at the horizon. So that the thermodynamic relation
holds at any arbitrary radius. In order to find out electrical conductivity we need to solve eqn.(2.11) for this back ground and then use eqn.(2.30) to find out conductivity at radius r c . The solution can be obtained easily and conductivity can be written down at any radius r c . But here we follow a slightly different route which might be helpful to generalize the results in more general background. We propose that the form of conductivity at any radius r c is given by 
where ρ and s, the charge and entropy densities are related to total charge Q and entropy S by a multiplicative factor of volume respectively. So we get
. It was also noted in [2] , that S, Q are independent of cutoff radius r c . Using eqn.(4.12) and eqn.(4.15) we 20) where r → ∞ is the boundary and φ 0 is the boundary value of φ. The electrical conductivity for the fluid at any radius r c is given by
5 Imaginary part of conductivity σ 0 = ℑ(λ):
In order to gain full knowledge of current-current correlator we need to determine the imaginary part of the electrical conductivity. As we will see, this part of the conductivity also behave in a universal way. Using eqn.(4.20) and eqn.(4.18) we can write,
where primes denote derivative with respect to r. At the boundary, imaginary part of the conductivity is given by 
It is interesting to compare eqn.(5.3) with eqn.(2.34). Up on comparison we find,
Let us note that, in the case when µ = 0, 5) which is the result reported in [1] .
Again one can study the cutoff dependence of imaginary part of the conductivity. Rather than providing details, here we write the result
So at the horizon, imaginary part of the conductivity vanishes (since g tt (r h ) = 0).
Thermal conductivity:
Thermal conductivity is defined as the heat current response to thermal gradient in the absence of electrical current. It can be computed using the expression
where σ is the electrical conductivity. For a brief discussion see appendix A. Using the results of electrical conductivity discussed in earlier sections, we find 2) which diverges at the horizon since temperature goes to infinity at the horizon. One interesting thing about the thermal conductivity is that
2 is universal as was noticed in [3] . Our initial aim was to prove the universality where the the form of thermal conductivity as in eqn.(6.2) is very useful. But as we will see, there are other difficulties which we don't know how to tackle properly.
• Universality of Thermal conductivity: In [3] it was observed that
Though the proof of this statement was provided for the case of µ → 0, but there was no proof at non zero chemical potential. In what follows, we show that indeed eqn.(6.3) is satisfied for a large class of black holes with non zero chemical potential.
• Proof at zero chemical potential: In [3] , a proof was provided for this case. Following [13] we can write,
where c ′ and k ′ are related to total and charged degree of freedom of boundary gauge theory (see [13] for details). Using eqn. (6.1), we can write
we immediately get
We repeat same proof using explicit metric solutions. The metric in this case is written by
In the probe approximation we take Maxwell part of the action to be of the form,
The charge susceptibility can be computed using (see [1] )
5 Let us note here that in the limit µ → 0, the charge density ρ → 0, but the ratio where horizon is located at r h . Using the form of the metric and g d+1 (r) = constant, we find
Following
xx and using 12) we reach at
Upon comparing eqn.(6.3) and eqn.(6.13) gives,
(6.14)
• Charged Black Hole: To prove eqn.(6.3), we need to evaluate
For general charged black holes there are few difficulties in evaluating eqn.(6.15).
1. To get expression for boundary conductivity, we need to solve differential equations of the form eqn.(2.11), which in general is not easy to solve.
For a general action (Maxwell part ) of the form
the expression for the charge susceptibility is given by
Unless the explicit form of metric is known, it is not possible to compute
If we make use of our proposal that σ =
where we have used
. So we see that although we can get rid of some of the difficulties, the difficulty stated in point 2 is not solved yet. To proceed further, we prove eqn.(6.3) by taking different backgrounds.
• Reissner Nordstrom Black Hole: Using the results in section 4, we get (in the following we set L = 1) the expression for charge susceptibility,
Now using eqn.(6.18) we get
Hence we have proved eqn.(6.3) for arbitrary dimensional RN black hole.
• R charged black holes in arbitrary dimension: In this case the Maxwell part of the action (see [14] for details) looks like
where, G(r) = H 
where H(r) is a harmonic function and defined by H(r) = 1 + a r d−2 . Let us note that near boundary f (r) ∼ r 2 and H(r) ∼ 1. For our purpose we do not need to know the constant a. Now using eqn.(6.10), we get
which after some calculations yields
xx (r h ), (6.25) and using eqn.(6.18), we get
In the appendix B, we further discuss about the issue how one can avoid the difficulty as raised in point 2.
Lifshitz like black holes:
Due to possible applications in condensed matter systems, there have been lots of work [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] going on to understand transport properties of gauge theories dual to both uncharged and charged Lifshitz like black holes. Motivated by this, our aim in this section is to explore thermal and electrical conductivities for these class of black holes. This section is organized as follows. First we review the geometry and thermodynamics of uncharged Lifshitz like black holes. Then we discuss transport coefficients such as electrical conductivity. For the charged Lifshitz case, after discussing geometry and thermodynamics, we focus our attention to the computation of electrical conductivity.
Uncharged Lifshitz black holes:
The metric for this case is given by
The horizon is located at u = 1 and the boundary at u = 0. We take uncharged Lifshitz black brane (7.1) as the background and treat the Maxwell action
as perturbations. Here g d+2 denotes the coupling constant. The Maxwell equation is
3)
The electrical conductivity reads
At ω → 0 , to get conductivity we need to solve 5) where N(u) is same as in eqn.(2.8). Solution of eqn.(7.5) that is regular at the horizon is given by φ(u) = φ 0 , where φ 0 is the boundary value of the perturbed field. Since at zero chemical potential, conductivity at the horizon and at the boundary are the same (as φ(u = 1) = φ(u = 0)), we get
which upon using metric (7.1), gives
Using the definition of ρ µ one finds,
For these class of black hole, we have
T , so that we can write
In this notation the conductivity can be expressed as
We can construct interesting ratio
Taking z → 1, reduces to known result [13] . Let us note that in the above we have used
Charged Lifshitz black holes:
It was noted in [20] that the following action
2 ) (7.14)
as a solution. If one adds a second Maxwell field (F 1 ) i.e.
), (7.16) then the metric of the black hole turns out to be ,
The mass parameter and the cosmological constant are given by 18) while the massive vector field and the second Maxwell field strength are given by
Let us note that in the above z = 2d and r z 0 ≡ q 2 /2d 2 .
When z = 1, the above ansatz leads to (7.20) and
The second Maxwell field and the cosmological constant are given by
In order to complete our discussion on charged Lifshitz black hole, we now discuss thermodynamics of these solutions. The temperature and entropy are given by 24) and
Now assuming that the first law of thermodynamics is satisfied we get,
Electrical conductivity:
In this section we shall use the coordinates u = (
In this coordinate, f (u) = 1 − u 2 . In order to compute electrical conductivity we follow steps as discussed in section 2 and section 3. Using the differential eqn.(2.11) we reach at,
The regularized solution at the horizon takes the form
where φ 0 is the boundary value of φ(u). The boundary conductivity is given by
To compute conductivity we need to calculate (
• z = 4, d = 2: In this case (
) 2 ≈ 0.24, so that conductivity is given by
) 2 ≈ 0.27, which gives
In general the conductivity can be written as . Let us note that, using eqn.(7.23) and eqn. (7.26), eqn.(4.9) gives
which is independent of z, d. What we observe is that, electrical conductivity of charged Lifshitz like black holes given in eqn.(7.30) and in eqn.(7.31) differs slightly from eqn.(7.33).
Thermal conductivity for Lifshitz like theories:
In the following we discuss thermal conductivity and thermal conductivity to viscosity ratio for both uncharged and charged Lifshitz like black holes.
• Uncharged Lifshitz black holes: Now we can construct the ratio
, which after computation gives
By taking z = 1, above ratio reduces to
To match with the result of the previous section one simply has to make the substitution d → (d − 1) in order to match the convention of previous sections (compare metrics).
• Charged Lifshitz black holes:The thermal conductivity can be computed using
For charged background we have,
Using all the above formulas and eqn.(7.32) we get,
For the case z = 6, d = 3 , we have C = 2.12 and for z = 4, d = 2 we have C = 1.76. Let us note that, if we compare eqn.(7.39) with eqn.(7.34) we see that charged and uncharged cases are same up to some numerical factor. Let us also note that for the case of asymptotically AdS charged or uncharged black holes, the thermal conductivity to viscosity ratio were same.
Conclusion:
At zero chemical potential, it was shown in [1] , that expression for electrical conductivity 6 is given by
given that the form of Maxwell part of the action is
It was also argued that radial evolution of electrical conductivity at zero chemical potential is trivial, as a result evaluating conductivity at any radial position gives same result. As we have seen, at non-zero chemical potential (µ) , radial evolution is nontrivial. Based on few observations, we have proposed that, at µ = 0, given that the form of Maxwell part of the action is
the electrical conductivity at the boundary is given by
, is the electrical conductivity radially evaluated at the horizon 7 . We have also computed the cutoff dependent conductivity which interpolates 6 Let us note that, at zero chemical potential, authors in [27] , deduced the full set of five-dimensional operators induced by stringy corrections which are present in any theory that has an AdS 5 * M 5 structure, and computed the electrical conductivity. smoothly between the results at the horizon and at the boundary. We have also shown that, once the real part of the conductivity is known, the imaginary part of conductivity is automatically fixed. To summaries, in the presence of chemical potential the electrical conductivity 8 can be expressed as
Using eqn. (8.4) , we could show that, for sufficiently general background
We also computed the electrical conductivity and then thermal conductivity to viscosity ratio for both uncharged and charged Lifshitz like black holes. In the case of charged Lifshitz like black holes, eqn.(8.4) does not hold . The value of thermal conductivity to viscosity ratio differs from that of uncharged case by some numerical factor. Let us note that,
Now for charged Lifshitz black holes, since chemical potential (µ) and temperature T are related , functions f p , f χ 's becomes numbers. This implies finding out c ′ and k ′ are problematic. If we account for these facts carefully, thermal conductivity to viscosity ratio for charged and uncharged case might agree.
A Relation between universal conductivity of stretched horizon and boundary conductivity:
Consider the Maxwell part of the action of the form
where g 2 d+1 (r) in general is a r dependent coupling 9 . The electrical conductivity at any radius is given by (see eqn. (2.30) and for further details see [4, 5] )
Let us note that at the horizon conductivity is
which is entirely given by geometrical quantities evaluated at the horizon. In order to understand radial evolution of conductivity we consider the cases with vanishing and non-vanishing chemical potential separately.
A.1 Radial evolution of conductivity at zero chemical potential
Let us note that at vanishing chemical potential, the term M(r) = 0 in eqn. (2.11). If we impose ingoing boundary condition at the horizon and impose φ(r → ∞) = φ 0 , at the boundary , then one can show that solution to eqn. (2.11) is given by φ(r) = φ 0 , at any radius i.e. φ is a constant. Now using eqn.(A.2) we get,
So we conclude that at vanishing chemical potential boundary and horizon conductivity is the same.
• Relation with universal conductivity of the stretched horizon: The universal conductivity of the stretched horizon is given by (see [1] 
. Now we see
xx (r h ), (A.5) 9 Let us note that, in the notation used in eqn.(2.1),
where factor g d− 3 2 xx (r h ) converts the length scale in CFT to proper length scale at horizon [1, 4] (let us note that in d dimension, conductivity has a mass dimension d − 3).
A.2 Radial evolution of conductivity at finite chemical potential
At non zero chemical potential we have (assuming A t (r h ) = 0 so that
Using eqn.(A.2) we get,
So we conclude that at finite chemical potential boundary and horizon conductivity are different and there is a simple relation between them.
• Relation with universal conductivity of the stretched horizon at finite chemical potential: Again the universal conductivity of the stretched horizon is given by
. Once again we observe that,
xx (r h ), (A.10) and
Let us note that at µ = 0, eqn.(A.11) reduces to eqn.(A.5).
B Thermal conductivity:
In the following we first review the hydrodynamics with multiple conserved charges (see [5] ) and write down an expression for thermal conductivity. The single charge case was discussed in [7] .
• Relativistic hydrodynamics with multiple conserved charge: The continuity equations are normally presented as
In the above ǫ and P are the local energy density and pressure respectively, u µ is the local velocity and it obeys u µ u µ = −1, where as τ µν and ν µ i are the dissipative parts of stress-energy tensor and current.
One can choose u µ and ρ i 's so that
We also have
One can write
and similarly for τ µν (see [7] ) . To interpret κ ij as the coefficient of thermal conductivity, consider no charge current i.e. J α j = 0, 10 but there is an energy flow, T tα = 0, which is the heat flow. Take u α to be small so that one gets using eqn. (B.2)
From which one can reach at
hence the coefficient of thermal conductivity can be read off as
Note that, κ ij can be found out from greens function as
and σ ij (ω, q = 0) can be obtained using currentcurrent correlator as discussed earlier.
Let us note that for single charge black hole
C Proving universality of thermal conductivity:
As was discussed in the text that there are few problems in order to prove the thermal conductivity to viscosity ratio. Here we discuss how one can over come that difficulty.
• General single charged black hole: The metric that we want to work with is of the form
The Maxwell part of the action takes the form
Using eqn. (6.10) we get,
Let us note that, unless we know explicitly the functions G(r), U(r), it is not possible to evaluate R.H.S. of eqn.(C.3). However, here we can make use of first order formalism of supergravity, which we are going to review below (see [29] and references there in for details). For simplicity we concentrate on five dimension i.e. d = 4. The relevant part of the five-dimensional action is
Space-time metric is g M N . The real scalar fields X A satisfy the constraint
The metric G AB is given by
Let us note that X A X A = 1, which follows from (C.5).
Following [14] we consider non-extremal electrically charged static black hole solutions
where U = U(r), f = f (r). Here dΣ 2 k denotes the line element of a three-dimensional space of constant curvature with metric η αβ , either flat space (k = 0), hyperbolic space (k = −1) or a unit three-sphere S 3 (k = 1). The presence of a non-vanishing parameter m is necessary in order for the solutions to have a horizon. We also have
as well as
where H A is given by
The physical electric charges Q A are related to the q A by
If we write F A tr = −∂ r φ A (r), then
We chose the integration constant in such a way that Q A φ A vanishes at spatial infinity.
• Single charge: Let us take planer black hole i.e. k = 0. Let us also note that, in our notation physical charge density is ρ A = • Multi charge: Here we take G AB to be diagonal for simplicity. Note that in this case the expression for boundary conductivity is a matrix and contains off diagonal terms but horizon conductivity is diagonal and proportional to G II . We propose the following to hold. As G AB is diagonal, we can also write µq I = Q Let us note that,
2 , (C. 25) since g 2 d+1 = 8πG and d = 4. Generalizing the above results for the cases with arbitrary G AB is interesting but not straight forward.
D Thermal conductivity for non abelian black hole:
In this section we discuss thermal conductivity to viscosity ratio for black hole with non abelian gauge fields. The gravity background is written in [30] . The action contains gravity with SU(2) gauge fields where it is simply obtained by embedding the U(1) Reissner-Nordstrom black-brane into a Cartan direction inside SU(2) which is specified by q a (a = 1, 2, 3). The conserved SU(2) currents are
So charge density and chemical potential reads, Let us note that,
since g 2 d+1 = 4πG d+1 .
